A subset of stem-like cells from bone marrow that are referred to as marrow stromal cells (MSCs) have been shown to be capable of differentiating into osteoblasts, chondrocytes, adipocytes, myocytes, astrocytes and perhaps neurons. Recently, conditions have been developed where human MSCs can be expanded almost without limit in culture without apparently losing their multipotentiality for differentiation. The cells appear to be potentially useful for the repair of extracellular matrix and the central nervous system.
Introduction
One of the remarkable features of the extracellular matrix is that it undergoes dramatic degradation and re-synthesis during early development and postnatal growth. The metabolic turnover of matrix diminishes with age but still occurs at an impressive pace throughout life in bone and in many other tissues following traumatic or pathological injury. For example, collagen was initially thought to be metabolically inert, but isotopic studies on urinary excretion of [14C] hydro~y-proline demonstrated that metabolic turnover of collagen continues even in aged rats [l]. Since the work of Cohnheim in the nineteenth century [2] , there has been controversy as to the source of the cells involved in the re-synthesis of matrix such as the fibroblasts that appear during wound repair. Some observations suggested that the fibroblasts, the pericytes of capillaries or related matrix cells arose from local stem cells found near the site of tissue repair. Other observations suggested that The recipient was a 3-week-old female transgenic mouse that had a phenotype of osteogenesis imperfecta because it expressed a mutated gene for type4 collagen. The mouse was inadiated with 700 cGy to enhance engraftment to cells. Because of the mamw ablation, the male MSCs (I I x I 06) were infused intraperitoneally together with whole bone marrow (2 x lo6) from an osteogenesis-imperfecta-transgenic mouse in order to provide haematopoietic stem cells. [5, 6] and Caplan in Cleveland [7, 8] , and then by a large number of other investigators . The precursor cells were referred to initially as colony-forming-units-fibroblasts. Subsequently they were referred to as mesenchyma1 stem cells, or marrow stromal cells (MSCs). [15, 16, 19] , spleen [19] and thymus [19] . Also, engraftment of donor MSCs into repairing muscle was observed after either local injection or systemic injection [20] . In addition, engraftment into muscle of a dystrophin-deficient mouse was seen after systemic infusion of rare marrow cells, defined as a ' side population ' or SP cells, that may be precursors of MSCs [21, 22] .
Because of their unusual properties, MSCs have been investigated as a potential means of direct cell therapy or as vectors for gene therapy [7, 14] . A preliminary clinical trial [23] has been initiated in children with severe osteogenesis imperfecta. In the preliminary trial, the patients underwent marrow ablation followed by a stan- wild-type collagen genes that would engraft, home-in to bone, and replace the osteoblasts in the child that are expressing a mutated collagen gene.
T h e first three children admitted to the trial all had a decrease in fracture rate, an increase in linear growth and an increase in total body bone mineral. However, only 1-2% of the osteoblasts were of donor origin. Therefore, the trial was encouraging but not conclusive. In a second stage of the trial, the same children are receiving large numbers of isolated MSCs from the same donors. Since the recipients have the immunity of the donors, no further marrow ablation is undertaken. Several of the children are currently being evaluated to see if a larger number of their osteoblasts become donor in origin and whether the therapy will convert a severe variant of osteogenesis imperfecta to a milder phenotype (E. Horwitz, personal communication).
T o test the full potential of MSCs to differentiate, we infused MSCs directly into the basal ganglia of rats [24] . Surprisingly, the infused cells did not aggregate and invoke immune responses as is seen with infusion of fibroblasts. Also, there was no evidence that the cells differentiated into mesenchymal cells. Instead, the cells integrated and migrated along known pathways in a manner that was similar to the integration and migration A, Cells that were plated at 1.5 cells/cm2. incubated for I& I 4 days; a large colony was then isolated by ring cloning for each subsequent passage under the same conditions. m, Cells from a comparable sample of MSCs that were plated at the high density of 5000 cells/cm2 for each passage. have many of the properties of embryonic neural ( Figure 3) . By plating the cells at low density, the stem cells (Figure 2 ). Essentially the same pattern cells were amplified by an average of 600-fold in 12 of integration and migration was seen with both days. With three passages, the cells were amplified rat MSCs and human MSCs infused into the about 109-fold in 6 weeks. Under the conditions of brains of adult rats. In subsequent experiments, low plating density, one bone-marrow aspirate murine MSCs were infused into the brains of obtained under local anaesthesia from one subject newborn mice [25] . Extensive migration of the can generate over 1013 cells, a number that apcells was again seen. Some of the pre-labelled cells proaches the total number of cells in the adult differentiated into astrocytes. Others appeared in body. After extensive expansion, the cells retained neuron-rich regions of the brain and probably their ability to generate single-cell-derived colondifferentiated into neurons. Therefore, the results ies in culture, a parameter that was shown previsuggested that the cells may be promising vectors ously to be closely correlated to the ability of the for gene therapy and repair of both the extracells to differentiate into both osteoblasts and adicellular matrix and the central nervous system. pocytes [27] . Therefore, the results suggested that One of the major barriers in using stem cells the expanded cells maintained their multipotenfor cell and gene therapy is the difficulty of tiality. T h e ability to expand the cells rapidly expanding the cells in culture without their difsuggests that the cells can readily be gene enginferentiating. Without the ability to expand the eered by physical methods such as electroporation cells, it is difficult to generate enough of the cells and without the use of viral vectors. Also, it for effective therapy. Also, it is difficult to inmay be possible to expand the cells sufficiently 
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